To examine associations between characteristics of neighborhood built and social environments and likelihood of obesity among family triads living at the same residential address and to explore whether these associations differ between family members. METHODS: Data were from the baseline wave of QUALITY (Quebec Adipose and Lifestyle Investigation in Youth), an ongoing study on the natural history of obesity in 630 Quebec youth aged 8-10 years with a parental history of obesity. Weight and height were measured in children and both biological parents and body mass index was computed. Residential neighborhood environments were characterized using a Geographic Information System and in-person neighborhood audits. Principal components analysis allowed for identification of overarching neighborhood indicators including poverty, prestige, level of urbanicity, traffic, physical disorder and deterioration, and pedestrian friendliness. Multilevel logistic regressions were used to examine associations between neighborhood indicators and obesity within multiple family members residing at the same address while controlling for householdlevel sociodemographic variables. RESULTS: A total of 417 families were included in the analysis. Families residing in lower and average prestige neighborhoods were more likely to be obese (odds ratio (OR) ¼ 1.69, 95% confidence interval (CI): 1.16, 2.44, and OR ¼ 1.51, 95% CI: 1.09, 2.11, respectively) than those residing in higher prestige neighborhoods. Residing in lower traffic neighborhoods was associated with less obesity (OR ¼ 0.69, 95% CI: 0.50, 0.95). Other neighborhood indicators may have differential effects across family members. For example, as neighborhood poverty increased, obesity was more likely among children but less likely among fathers and no different for mothers. CONCLUSION: Findings indicate that some shared neighborhood exposures are associated with greater risk of obesity for entire families whereas other exposures may heighten obesity risk in some but not all family members. Patterns may reflect differences in the way in which family members use residential neighborhood environments.
INTRODUCTION
Over the past 20-30 years, the prevalence of overweight and obesity has increased worldwide in all age groups. 1, 2 Although the prevalence of obesity may have plateaued in North America, 3, 4 it remains much too high and has resulted in increased weightrelated morbidity including diabetes, cardiovascular diseases and some forms of cancer. 5 Features of residential neighborhood environments have been increasingly studied because of their possible role in the development and maintenance of obesity in both children [6] [7] [8] and adults. [9] [10] [11] It has been hypothesized that neighborhood environments may offer opportunities or barriers that can influence energy balance and subsequent weight gain by facilitating maintenance of physical activity and dietary recommendations. 12, 13 The built environment has been defined as all aspects of physical environments that are created or modified by humans. It encompasses urban design (physical elements and their design within cities), land use (distribution of activities across space) and transportation systems (roads, bridges, sidewalks, and so on). 14 Although there is some evidence to suggest that the built environment may influence excess weight through physical activity and dietary behaviors, existing literature does not allow for identification of the specific features of the built environment that are related to overweight and obesity. 11 In both children and adults, urban sprawl and low land use mix have been most consistently associated with excess weight. 11, 15, 16 Specifically, neighborhoods characterized by low population density, low street connectivity, and homogeneous and segregated land use with few proximity destinations have been associated with more overweight/obesity. [17] [18] [19] [20] [21] Such environments may be less conducive to active transportation and leisure walking thus decreasing opportunities for physical activity behaviors. [22] [23] [24] Similarly, dense street traffic within residential neighborhoods has been associated with obesity in adults 25, 26 and in children.
On the other hand, traffic calming measures such as speed bumps, lower speed limits, zebra crossings and traffic street lights have been found to facilitate walking, which may favor healthier weight status. [30] [31] [32] [33] In addition to the built environment, features of neighborhood social environments have been considered, although less often, as elements that could have a role in obesity. 27 Studies on neighborhood social environments have focused on neighborhood socioeconomic status generally showing that residents of low socioeconomic status neighborhoods are more likely to be overweight/obese regardless of individual levels of socioeconomic status. [34] [35] [36] [37] [38] Although socially disadvantaged neighborhoods were found to have high 'walkability' scores based on characteristics of urban design, socially disadvantaged neighborhoods also had higher crime and traffic-related accidents, lower observer-perceived safety and lower quality and maintenance of pedestrian infrastructures. 39, 40 As a consequence, residents of low socioeconomic status neighborhoods may be more likely to be exposed to less safe neighborhoods and to physical disorder and deterioration while walking in their neighborhoods. 40, 41 To date, studies have typically examined the role of the built and social neighborhood environments on children and adults separately. 42 However, studies have not examined associations within multiple family members exposed to the same residential neighborhood environment. Children and their parents residing at the same address share exposure to neighborhood environment characteristics that may make the entire family more or less likely to be obese. Alternatively, specific characteristics of neighborhood environments may be more relevant for some but not all family members. This study therefore aims to: (1) examine associations between characteristics of neighborhood built and social environments that have previously been associated with excess weight and the likelihood of obesity among family triads (child, mother and father) living at the same address; and (2) explore whether these associations differ between members of family triads.
SUBJECTS AND METHODS Subjects
Participants were drawn from the QUALITY (Quebec Adipose and Lifestyle Investigation in Youth) study, an ongoing longitudinal investigation of the natural history of obesity and cardiovascular risk in youth with a history of parental obesity. Recruitment flyers were distributed to parents of children in grades 2 to 5, in 1040 primary schools (89% of schools approached) located within 75 km of each of Montreal, Quebec City and Sherbrooke (Quebec, Canada). Of 3350 interested families who contacted the research coordinator, 1320 met the study inclusion criteria. Eligibility criteria required participating children to be Caucasian, aged 8-10 years at recruitment and to have at least one obese biological parent (that is, body mass index (BMI)X30 kg m -2 and/or waist circumference4102 cm in men and488 cm in women, based on self-reported measurements of weight, height and waist circumference) and both biological parents available to participate at baseline. Among eligible families, a total of 630 triads (including the participating child and both biological parents) completed the baseline visit between September 2005 and December 2008. Baseline data collection involved a clinic visit during which questionnaires were completed and biological and physiological measurements obtained. Written informed consent was obtained from parents, and assent was provided by children. The ethics review boards of CHU Sainte-Justine and Laval University approved the study protocol. A detailed description of the study design and methods is available elsewhere. 43 Characteristics of the built and social environments in children's residential neighborhood were obtained for the study baseline using a Geographic Information System and in-person neighborhood audits only for children residing in the Montreal Metropolitan Area (n ¼ 512) because of feasibility reasons. This study is thus restricted to children residing in the Montreal Metropolitan Area with both parents living at the same residential address.
Measurement of obesity
Child and parent anthropometrics were measured according to standardized protocols 44 with children and parents dressed in light indoor clothing without shoes, using a stadiometer for height and an electronic scale for weight. For children, Center for Disease Control-based age-and sex-specific BMI percentiles were computed. Children were categorized as obese if their BMI was X95th percentile, and normal weight or overweight otherwise. For parents, BMI was computed as weight (kg) divide by height squared (m 2 ); they were categorized as obese if their BMI was X30 kg m -2 and normal weight or overweight otherwise.
Measurement of neighborhood environment
Three types of measures were used to characterize neighborhood environments at participating families' exact residential addresses. First, 2006 Canadian census data were used to obtain the following measures: % of households living below statistics Canada's low income cutoffs, % single parent families, % of unemployment, % of residents with a university degree, % of owner occupied houses, % of who have moved in the past year and average residential housing value. For each measure, populationweighted proportions or averages of dissemination areas overlapping 500 m network buffers centered on family's residential location (egocentered areas) 45 were computed using a Geographic Information System covering the study area.
Second, neighborhood environment indicators were computed using land use information from CanMap (DMTI Spatial Inc., Markham, ON, Canada) also for 500 m network buffers centered on the family's residential location. Indicators include residential density, presence of at least one park, % of the neighborhood area covered by parks (none, at least 5%, 45%), number of three or more way intersections, total length of streets with normal traffic at rush hour, % of streets that have high traffic at rush hour (none, at least 2%, 42%) and total length of streets with high traffic at rush hour (none, at least 1500 m, 41500 m).
Third, in-person neighborhood audits were conducted by independent pairs of trained observers using an observation checklist adapted from an existing neighborhood assessment tool. 46 Detailed audits were conducted for up to 10 street segments in the family's immediate neighborhood, including the street segment where the residence is localized and up to nine first-and second-degree connecting streets. When pairs of observers disagreed on their assessment, items were re-assessed by a third observer on another occasion. In rare circumstances when re-assessment was too unwieldy (for example, neighborhood far away from the research center, or only a few discordant items for a specific neighborhood to justify revisiting it), consensus was obtained using Google Street View. 47, 48 Finally, and even less frequently, if Google Street View was not available for the area, one of the two discordant observations was randomly selected as the consensus answer. The latter was used in p0.6% of observations per item assessed (see Supplementary Table 1 for details on the frequency each method to obtain consensus was used). Street segment level scores for each item were summed and divided by the total number of underlying street segments audited (maximum of 10) to produce measures of the proportion of street segments within the family's immediate neighborhood with: presence of graffiti (none, at least 20%, 420% of street segments), presence of enough litter to fill up an average size disposable grocery bag, presence of at least one street segment where the roadway is in bad condition, presence of at least one street where over half of the buildings are in bad condition, speed limit at p30 km h -1 (none, at least 25%, 425% of street segments), presence of all-direction stop signs at intersection (at least 30%, 31-60%, X60% of street segments), presence of at least one mid-street segment stop sign, presence of at least one zebra crossing and pedestrian crossing signs (none, at least 20%, 420% of street segments).
Statistical analysis
Descriptive analysis was conducted and distributions of variables were examined. Variables that were highly skewed were recoded as described above. Subsequently, three separate principal components analysis, one for each type of neighborhood data (that is, census data, land use data and in-person audit data) were performed followed by an orthogonal (varimax) rotation to summarize the data into fewer meaningful components. Eigenvalues 41 as well as the interpretability of components were examined to determine the number of components to retain (see Supplementary Table 2 for detailed principal components analysis results). For census data, two components were retained, which explained 73% of Neighborhood environments and familial obesity A Van Hulst et al the variance in variables, namely neighborhood poverty (for example, % of residents with low income) and neighborhood prestige ( for example, % of residents with university education). For land use data, two components, neighborhood level of urbanicity (for example, residential density) and neighborhood traffic (for example, % of streets with high traffic at rush hour) were retained, which explained 65% of the variance in variables. Finally, two components were retained for neighborhood in-person audit data, neighborhood physical disorder and deterioration (for example, % of streets where graffiti is visible) and neighborhood pedestrian friendliness (for example, % of streets with a pedestrian crossing sign), which explained 42% of the variance in variables. These six neighborhood indicators were then categorized into tertiles (low, average and high) and used in multilevel logistic regression analysis to examine associations between neighborhood environment indicators (using the highest level as reference category) and participants' likelihood of obesity. Level-1 data included the outcome measurement for family triad members as well as two indicator variables to distinguish family members (mother vs non-mother, father vs non-father, with the reference therefore being the child). Level-2 data included neighborhood environment indicators described previously, which were measured for each household at the family's exact residential location. It further included household control variables, namely the highest level of education achieved by one or the other parent (mother and father with high school degree or less, mother or father with technical degree, mother or father with university degree). Sex and age of the child within the household were also considered but were not retained since their inclusion did not change model estimates.
Finally, cross-level interactions were examined between each neighborhood environment variable and the two indicator variables distinguishing family members to explore whether or not associations differed across family members. Interaction terms were tested separately in custom models rather than in a full model to avoid overparameterization. However, household variables were controlled for in testing interactions. Interactions were considered statistically significant if they were associated with outcome variables at Po0.05. All analyses were conducted with SAS version 9.2 (Cary, NC, USA).
RESULTS
Of the 512 children residing in the Montreal Metropolitan Area, 430 (84%) lived with both parents at the same address, of which 417 (97% of 430) had outcome measures for all family members. Among children, 21% were obese while 44% of mothers and 50% of fathers were obese (Table 1) . Fifty-five percent of families had a male child participating in the study with a mean age of 9.57 years. Household and neighborhood-level characteristics are shown in Table 2 . Table 3 shows results from multilevel logistic regression analyses for family triads. In the fully adjusted model (model 5), mothers (odds ratio (OR) ¼ 2.98, 95% confidence interval (CI): 2.18, 4.07), and fathers (OR ¼ 3.87, 95% CI: 2.84, 5.28) were more likely to be obese than their child but the likelihood of mothers and fathers being obese was about equal. Living in households where both parents have a high school degree or less compared with households where at least one parent has a university degree was associated with a greater likelihood for families to be obese (OR ¼ 1.74, 95% CI: 1.04, 2.90). Families residing in neighborhoods with lower and average prestige (vs higher prestige) were more likely to be obese (OR ¼ 1.69, 95% CI: 1.16, 2.44, and OR ¼ 1.51, 95% CI: 1.09, 2.11, respectively). Residing in a neighborhood with lower traffic (vs higher traffic) was associated with a lower likelihood of being obese (OR ¼ 0.69, 95% CI: 0.50, 0.95). Lower vs higher level or urbanicity was marginally associated with obesity (OR ¼ 1.39, 95% CI: 0.95, 2.04), whereas neighborhood poverty, signs of physical disorder and deterioration, and pedestrian friendliness were not associated with obesity in main effects models.
Statistically significant interactions were found between lower neighborhood poverty and being a father (P ¼ 0.003), between lower neighborhood signs of physical disorder and deterioration and being a father (P ¼ 0.046) or mother (P ¼ 0.03), and between average pedestrian friendliness and being a mother (P ¼ 0.04). Plots of these interactions suggest unique gradients between neighborhood poverty and obesity for children and their fathers while obesity appears more or less constant by level of neighborhood poverty for mothers ( Figure 1a) . As neighborhood poverty increased the likelihood of obesity increased among children while it decreased among fathers. Similarly, although the likelihood of obesity increased in children with increasing signs of physical disorder and deterioration within neighborhoods, obesity remained more or less constant in mothers and fathers (Figure 1b) . Finally, for both children and fathers, the highest likelihood of obesity was found in areas with average neighborhood pedestrian friendliness while in mothers it was found in neighborhoods with higher pedestrian friendliness (Figure 1c ).
DISCUSSION
We examined associations between characteristics of neighborhood built and social environments and the likelihood of obesity in a sample of family triads (child and both biological parents) living at the same address and who by design present a higher than average prevalence of obesity. Families residing in lower prestige neighborhoods were more likely to be obese while families residing in neighborhoods with less traffic were less likely to be obese. Exploratory analyses revealed that while some associations between neighborhood exposures and obesity were not different between family members (that is, neighborhood prestige and traffic) others may be differentially associated with obesity across family members (that is, neighborhood poverty, physical disorder and deterioration, and pedestrian friendliness).
To our knowledge, this is the first study that investigated the relationship between neighborhood exposures and obesity within multiple family members residing at the same address. Overall, observed associations were consistent with current research on obesogenic neighborhood environments and health in children and adults studied separately. As previously reported, residing in socioeconomically disadvantaged neighborhoods has been associated with excess weight in adults [49] [50] [51] and in children. 37, [52] [53] [54] In this study, more prestigious neighborhoods were those where the average residents' levels of education and residential housing values were highest. A previous study reported that of the range of measures of neighborhood socioeconomic status, neighborhood level of education was most strongly associated with cardiovascular disease risk factors among adults. 55 The lack of an interaction between neighborhood prestige and family members suggests that obesity is equally affected for all family members. Moreover, adding additional neighborhood variables to the model with neighborhood prestige resulted in little change in the ORs associated with the latter suggesting that elements of the social and built environment may have independent effects on familial obesity. Obese defined as Center for Disease Control age-and sex-specific body mass indexX95th percentile in children, and body mass indexX30 kg m -2 in mothers and fathers.
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The lack of a main effect of neighborhood poverty on familial obesity could be related to the overall affluence of families within the QUALITY study. Results from exploratory analyses suggested that the effect of neighborhood poverty on obesity may differ between family members. One explanation for the inverse gradient seen between children and fathers and the lack of an Presence of large amount of litter on at least one street, % (n) 17.27 (72) Presence of at least one roadway that is in bad condition, % (n) 26.14 (109) Presence of at least one street where over half of the buildings are in bad condition, % (n) 15 Discrepancies in the distribution of variables 'Number of parks in neighborhood' and '% Of neighborhood that is covered with parks' are due to incomplete park data from the Geographic Information System that generated the latter variable. The actual number of parks was updated during in-person neighborhood audits.
Neighborhood environments and familial obesity A Van Hulst et al effect among mothers could be that children compared with adults have more limited activity spaces and may therefore be more adversely influenced by poverty within their residential neighborhood environment. 10, 42 Findings were similar for neighborhood signs of physical disorder and deterioration as for neighborhood poverty. This is expected since physical disorder and deterioration (that is, graffiti, litter, roads and buildings in bad condition) are more likely to occur in lower socioeconomic status neighborhoods. 57, 58 In our data, neighborhood poverty and physical disorder and deterioration were correlated (r ¼ 0.6, Po0.001).
We found that residing in neighborhoods with lower traffic was associated with a lower likelihood of obesity compared with residing in neighborhoods with higher traffic. Lower traffic has been shown to be associated with more favorable weight profiles in children and adults. 25, 26, 29 The lack of interactions between traffic and family members suggests that children and parents alike may be at increased risk for obesity when residing in neighborhoods with heavy traffic. The latter may render walking and outdoor physical activity less easy and less pleasant for all family members thereby reducing energy expenditure and favoring excess weight gain. It could also be that neighborhood traffic affects obesity and related health behaviors in younger children through their parents' concerns about traffic who would typically decide on children's outdoor activities. 33 Although pedestrian friendliness defined as the presence of traffic calming measures and other measures to facilitate access to Multilevel data of members (child, mother and father) are nested into families living at the same address (variables in the same column are simultaneously introduced into the model). Although all residing at the same address, this finding may reflect differences in the way in which residential neighborhood environments are used by each family member. For example, mothers with school-aged children may have less residual time to personally take advantage of pedestrian supportive residential environments. However, findings related to cross-level interactions should be regarded as exploratory and interpreted with caution given the number of interactions tested resulting in an increased risk for type-1 error. Future studies are needed to confirm these findings. Consistent with previous findings, we found a non-statistically significant inverse association between level of urbanicity and the likelihood of familial obesity. 11, 15, 16 The tendency toward greater obesity in less urbanized neighborhoods was similar for all family members. The higher odds of obesity among parents compared with children are expected because of the study design that required at least one parent to be obese while a similar inclusion criteria was not applied to children. 43 Finally, it is unlikely that observed associations could be confounded by potential genetic factors shared between family members because genetic factors are not expected to be associated with characteristics of the built and social neighborhood environment, although genetic factors could explain part of the clustering of obesity within family members.
Strengths of this study include the availability of standardized measures of height and weight to compute BMI for children and both biological parents. The use of multilevel analysis to control for the shared variance in obesity (genetic or environmental in origin) between family members is also a strength of the study. Moreover, objective measures including Geographic Information System-derived and observer rated data were used to characterize neighborhoods, and both neighborhood and individual/household-level characteristics were considered. Limitations include the cross-sectional design, the relative affluence of families within the QUALITY cohort, which may limit generalizability of findings, and the possibility of residual confounding as sociodemographic control variables had to be included as household-level rather than individual-level predictors.
Together these findings suggest that shared neighborhood exposure to lower area-level prestige and higher traffic may put families as a whole at greater risk for obesity. Other neighborhood exposures such as poverty, physical disorder and deterioration, and pedestrian friendliness may influence the risk of obesity in some but not all family members. Community-level interventions and policies aimed at modifying neighborhoods to encourage healthy weights may thus provide benefits beyond the specifically targeted audience. For example, efforts to reduce traffic in residential neighborhoods may decrease the risk of obesity in children as well as in their parents, thus benefiting different segments of the entire community. Similar benefits could be expected from policies aimed at minimizing social and material inequalities across neighborhoods. Future investigations are needed so as to better understand which population subgroups are most vulnerable to neighborhood built and social environment characteristics and how shared environmental exposures affect other health outcomes within families.
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